Abstract: Density and viscosity measurements were performed for amino acids in 0.05-0.25 M aqueous sucrose at 293.15, 303.15 and 313.15 K. The measured values of density and viscosity in a ternary system were used to determine some important parameters, such as the partial molar volume, the transfer partial molar volume, partial molar volume expansibility, viscosity B-coefficient, variation of B with temperature dB/dT and free energy of activation. The results were interpreted in terms of solute-solute and solute-solvent interactions and structure making/breaking ability of solutes in aqueous sucrose solution.
Introduction
Interaction of amino acids in aqueous sucrose solution at different temperature plays an important role to understand biochemical process in living cells. It has been reported earlier that mono and disaccharides are structure makers [1] [2] [3] [4] [5] . Hydration shell co-sphere overlap effect depends significantly on the relative position of the OH group in the carbohydrate molecules. It would be interesting to examine whether the structure modification of water by these sugars get enhanced or suppress in presence of an ion.
Amino acids, particularly important in biochemistry, are critical to life and have many functions in metabolism one particularly important function is to serve as a building blocks of proteins [6] [7] [8] . There are extensive volumetric properties studies of amino acid in mixed aqueous solvents such as sodium sulphate, potassium thiocynate, caffeine and glycerol [9] [10] [11] [12] can act as an effective probes of their confirmation in solutions.
In this paper we report density, viscosity & apparent molar volume Ø v of (0.05-0.15 m) amino acids (glycine and L-alanine) in (0.05-0.25 m) aqueous sucrose solution at different temperatures as 293.15,303.15 and 313.15 K we also reported partial molar volume at infinite dilution, transfer partial molar volume, partial molar expansibilities, Falkenhagen coefficient A, Jones -Dole coefficient B, Free energy parameter of per mole solute and per mole of solvent which are calculated by experimentally measured density and viscosity.
Experimental
All the chemicals sucrose, Glycine and L-Alanine were of Analar quality. Freshly distilled water with specific conductance of ~10 -6 Ω cm -1 was used to preparing solution throughout the experiment. The densities of solutions were measured at 293.15, 303.15 and 313.15 K using a density bottle made of borosil glass. The mass measurement were done on digital electronic balance(Sartorius GC103).Viscosity determines with calibrated U shaped Ostwald viscometer with sufficiently long reflux time more than 120 s. to avoid kinetic energy correction. An average of triplet measurement was taken in to account. Temperature was controlled by thermostatic water-bath with ±0.1 0 C accuracy. The viscosities were calculated [13] [14] 
Results and Discussion
Volumetric study Table 1 and 2. It is found that value of S v is positive for glycine and negative for alanine in aqueous sucrose solution. It can be also observed that in case of glycine S v decrease with increasing temperature and reverse trend observed that in case of alanine. The volume of transfer ∆Φv 0tr of amino acids from water to aqueous sucrose solution was calculated by using given relation at different temperatures and is summarized in Table 3 .
∆Φv 0tr = Φv 0 (amino acid in aq. Sucrose) -Φv 0 (amino acid in pure water.) It is found that value of ∆Φv 0tr is negative for glycine and positive ∆Φv 0tr value obtained at for alanine in aqueous sucrose solution. Positive ∆Φv 0tr changes sign at higher temperature in case of L-alanine. In case of glycine it can be found that the negative ∆Φv 0tr values are decreasing continuously with increasing concentration of sucrose and temperature. Similar observation has been obtained by Gupta et al. 17 and Zhuo et al. 18 in their studies.
The partial molar volume of transfer of amino acids from water to aqueous sucrose solutions can be further simplified by the co-sphere overlap model [19] [20] . Various types of interaction between amino acids and sucrose are classified as follows.
Hydrophilic-ionic interaction; interaction between the OH group of the sucrose and the Zwitter ionic centers of the amino acids. Hydrophilic -Hydrophilic interaction: interaction between the OH group of the sucrose and the -NH 2 group of the amino-acid (glycine/alanine) mediated through Hydrogen bonding. Hydrophobic-Hydrophobic interaction: interaction between the non polar sides group of the sucrose and the non polar group of the amino-acid. Hydrophobic-Hydrophilic interaction: interaction between the OH group of the sucrose molecules, and the non-polar group of amino-acid.
The interactions of type (1) & (2) contribute positive transfer volume, while type (3) & (4) contribute negatively. The introduction of a CH 3 group in alanine provides additional tendency of hydrophilic-hydrophobic as well as hydrophobic-hydrophobic interaction. The temperature dependence of limiting apparent molar volume, Φ v0 for amino acids in aqueous sucrose solution can be given by following expression 17 .
The partial molar expansibilities of amino acids in aqueous sucrose were calculated and recorded in Table 4 . The structure making and breaking capacity of amino acids in aqueous sucrose may be interpreted with the help of Hepler's 21 reasoning i.e. on the basis of sign of giving expression, it has been assumed that structure making solute have positive and structure breaking solute has negative value.
(
Viscometric properties
Viscosity data has been analyzed with the help of Jones- Table 5 .
η/ η 0 = ηr =1+A c 1/2 +BC The values of (dB/dT) 24 were calculated from the slope of the curve obtained with B-coefficient value against temperatures and recorded in Table 6 . The sign of (dB/dT) value was found to provide information regarding the structure making and breaking ability of solute in solvent media. In general (dB/dT) was negative for structure making and positive for structure breaking. These are in identical agreement with the conclusion drawn from Hepler equation. [25] [26] .
Where h is the Plank constant, N is the Avogadro number; η is the viscosity of the solvent and ∆G is the contribution per mole of the solute to the free energy of activation for viscous flow of the solution at infinite dilution, V is the molar volume 27 The values of ∆ S 28 and ∆ H was calculated by least square method using temperature dependant data of ∆G. The Values of ∆G were found to be positive at all studied temperatures.
Results shows density and viscosity increases with concentration of amino acids and decreases with increasing in temperature. Increasing values of density and viscosity shows that there is moderate attraction with solute and solvent molecules and decreased value with increasing temperature shows decrease in intermolecular forces due to increasing thermal energy of the system.
It is found that value of Φv 0 for all amino acids (Table 1) is Positive and their trend in solute-solvent interaction is in order of glycine < L-alanine. This shows that solute solvent interaction increases with increase in number of carbon atoms. Similar conclusion has been reported for glycine in aqueous NH 4 In glycine-sucrose system negative ∆Φv 0tr (Table 3 ) decrease with increasing concentration and temperature, suggests that the electrostriction first increase and then decrease with increasing temperature. It brings about decrease in volume of the solvent thereby increasing the strong interaction between sucrose and water. In glycine-sucrose system, hydrophobic interactions are leading at lower concentration, while at higher concentration hydrophilic interactions are leading. This behavior is consistent with the studied of amino acid in tetra-propyl ammonium bromide 33 /silver sulphate 34 . Opposite ehavior has been reported by Pal 35 in higher concentration of sucrose solution.
In alanine-sucrose system it can be accomplish that the positive ∆Φv 0tr values (Table 3 ) are decreases constantly with decreasing sucrose concentration at 293.15 K. Its turns negative at 303.15 K further at 313.15 K this turn positive. Both positive and negative ∆Φv 0tr value observed at all temperatures.
The electrostriction of the neighboring water will be decrease due to charged centers of alanine; this will lead to decrease in reduction of shrinkage. It brings about increase in volume of the solvent thereby decreasing the strong interaction between carbohydrate and water. This will lead to positive volume transfer. This is consistent with amino acid in tatrazine 36 and in glycerol 32 . At higher temperature increase in the interaction between OH group of sucrose and non polar group of the L-alanine leads to the disruption of hydration sphere of the charged centre of amino acids. This decreased the positive contribution, or in other words it may be say that there is an increase in electrostriction. In alanine-sucrose system hydrophilic interactions are dominating over hydrophobic interactions at higher concentration. Both negative and positive transfer volume has been reported by Pal 35 for L-alanine in higher concentration of sucrose solution.
The limiting apparent molar expansibilities Φ E0 for alanine in aqueous sucrose showed that value increase with increasing concentration and decrease with increasing temperatures. Its behavior is just like common salt 37 . Positive increase in Φ E0 may indicate the presence of caging effect 38 . The obtained negative sign of (∂ 2 Φ v0 / ∂T 2 ) p value has suggests structure breaking nature of alanine in aqueous sucrose solution. The limiting apparent molar expansibilities for glycine in aqueous sucrose at different temperature showed that positive Φ E0 value increase with increasing concentration and temperature. The positive sign of (∂ 2 Φ v0 /∂T 2 ) p value has exhibits structure making nature of glycine in aqueous sucrose solution.
Values of A coefficients are negative for glycine and L-alanine in aqueous sucrose at all the investigated temperatures .These results indicate the presence of weak solute-solute interaction.
The value of B-coefficient is positive, which point out the existence of ion-solvent interaction. The values of B-coefficient for alanine in aqueous sucrose solution are very higher at higher temperature that proves the increase of ion-solvent interaction at higher temperature. The value of B-coefficient for glycine (Table 5 ) is positive and decreases with rise in temperature whereas for alanine it first decreases at 303.15 K and then increase at higher temperature suggests that solvation first decrease and then increases with increase in temperature.
Positive (dB/dT) ( Table 6 ) value reveals that structure breaking capacity of alanine in aqueous sucrose solution increases with increasing concentration. While negative value of (dB/dT) indicates structure making aptitude of glycine in aqueous sucrose solution decrease with increasing concentration. These are in identical agreement with the conclusion drawn from Hepler equation as discussed earlier. Such the values of coefficient A and B supports the behaviors of Φv 0 and S v and Φv 0tr which all suggest solute-solvent interaction predominant over solute-solute interaction.
It is evident from Table 7 in case of glycine / alanine-sucrose system, positive value of ∆G decreases with the increase in solute concentration and increases with the rise of temperature. This behavior of ∆G 39 suggests that the positive work is required to create holes for viscous flow and at higher temperature the solute-solvent and solventsolvent interactions weaken due to thermal agitation. The positive value of ∆H irregularly decreases with the increase of solute composition. This indicates that to overcome the energy barrier, less positive work has to be done. Thus the viscous flow is not favored for all the sucrose molecules in solution systems. This might be due to the fact that the ground state of the binary and ternary systems is more organized than the transition states. 
Conclusion
It has been concluded that glycine behaves as structure-maker in aqueous sucrose solution.
In aqueous sucrose solutions the behavior of alanine shows disruption of water structure at higher concentration and lower temperature region and enhancing of water structure at lower concentration and at higher temperature region. This indicates L-alanine behaves both as structure maker and breaker.
